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The damage in epitaxial Co& films 500 nm thick grown on Si( 111) produced by room- 
temperature implantation of 150 keV **Si were investigated by 2-MeV 4He channeling 
spectrometry, double-crystal x-ray diffractometry, and electrical resistivity measurements. 
The damage in the films can be categorized into two types. In lightly (heavily) damaged CoSi, 
the damage is in the form of point-like (extended) defects. The resistivity of lightly 
damaged CoSi, films rises with the dose of implantation. Electrical defects correlate well with 
structural ones in lightly damaged films. The resistivity of heavily damaged films flattens 
off while the structural defects continue to rise with the dose, so that resistivity no longer 
correlates with structural defects. Upon thermal annealing, lightly damaged films can 
fully recover structurally and electrically, whereas heavily damaged films do so only 
electrically. A residual structural damage remains even after annealing at 800 “C! for 
60 min. 
1. INTRODUCTION 
Transition-metal silicides are widely used as contacting 
layers in the metal contacts of Si-based electronic 
devices.“* The damage produced by the implantation of 
dopants in a silicide layer and its recovery thus have tech- 
nological importance. Compared to Si, the metallic sili- 
tides are highly resistive to radiation damage.3-8 Most pre- 
vious studies have focused on the amorphization of the 
silicides by implantation and the recrystallization by sub- 
sequent thermal annealing.“* An amorphized CoSi, layer 
on a crystalline seed recrystallizes in a layer-by-layer man- 
ner by solid phase epitaxy.5-8 Hensel et al9 studied the 
effect of ion implantation on carrier transport of CoSi, 
films and found that the resistivity increases with dose. We 
report here some studies on defects production and their 
annealing in room-temperature ‘*Si implanted CoSiZ films. 
The emphasis is on the strain, the damage, and their rela- 
tionship with the defects in the implanted films. The cor- 
relation between structural and electrical defects is also 
investigated. 
II. EXPERIMENTAL PROCEDURES 
An epitaxial CoSi, film 50 nm thick was grown on 
Si(ll1) at -600 “C! by molecular beam epitaxy.” The 
samples were implanted at room temperature in vacuum 
( - 10 - 7 Torr) by 150-keV **Si ions to doses from 
5 X 10i3/cm2 to 3 X 10”/cm2. The beam flux was kept at 
-0.2 ,uA/cm’ to minimize the sample heating. The direc- 
tion of the incident beam was - 7” away from the [ 11 l] axis 
to avoid channeling. The maximum damage is located in 
the Si substrate at a depth of - 150 nm beneath the inter- 
face, according to a TRIM88 simulation.” The damage in 
the implanted layers was characterized by 2-MeV 4He ion 
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channeling, Fe Ka, x-ray (wavelength /z = 0.1936 nm) 
double-crystal diffraction, and electrical resistivity mea- 
surements. 
The implanted samples were annealed afterwards in 
vacuum ( -5 x 10 - ’ Torr) at 250-800 “C for 60 min and 
the damage recovery was monitored. 
III. RESULTS 
A. MeV 4He channeling spectrometry 
2-MeV 4He[ 11 l] axial channeling with a glancing exit 
angle (82”) was used to measure the damage in the im- 
planted layers. The spectra of the implanted samples show 
that the channeling yields of both the film and the substrate 
rise with the dose (Fig. 1). For a given dose, the damage 
level in the CoSi, film is much smaller than that in the Si 
substrate, meaning that CoSi, is more radiation resistant 
than Si. The high radiation resistance of CoSi, agrees with 
the results of room-temperature implanted Pd2Si and 
NiSi,,3*4 and is consistent with the metallic nature of these 
silicides. 
The damage build up in the Si substrate as a function 
of the dose is very similar to that observed in self-im- 
planted Si samples.12 There exist three distinct damage re- 
gimes (see Fig. 1). The damage rises slowly as the dose 
increases from 5 X 1013/cm2 to 2X 10t4/cm2 (regime I), 
and then rapidly rises to the level of an amorphous Si at 
5 X 10’4/cm2 (regime IL). As the dose increases further, 
the maximum damage level saturates, and the damage re- 
gion widens (regime III). 
The damage in the CoSi2 film builds up very differently 
with dose. Below 2X 1014/cm2 the channeling yield of the 
film is the same as that of the as-grown one (-5%). The 
channeling yield increases to -9% at 5 x 1014/cm2, and 
rises to -56% at 3 X 1015/cm2 (Fig. 1). Maex et al.* found 
that the channeling yield of CoSi, films implanted at room 
temperature by 200-keV **Si to 2~ lO”/cm* is -5O%, in 
good agreement with our results. They also observed that 
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FIG. 1. 2-MeV 4He backscattering spectra with a beam incident along a 
random (0) and a [l 1 l] axial channel orientation of the as-grown epi- 
taxial Co?& (50 nm) on Si( 111) (solid line) and of the samples im- 
planted at room temperature with 150-keV %i to doses of 2X (V), 5 
x (0). 30~ 10’4/cm’ (A). The detected 4He particles exit at an angle of 
82’ from the line of the incident beam. 
the damage in CoSi2 is sensitive to the implantation tem- 
perature, as it is in Si.13 Hewett et al5 demonstrated that 
CoSi, can be amorphized by 40-200-keV 28Si implantation 
to -2X 10i5/cm2 at liquid-nitrogen temperature.5-8 
We apply the procedure outlined in Ref. 12 to estimate 
the defect concentration at a depth x, c&c) (OG&,E; 1 ), in 
the implanted CoSiZ film from the channeling measure- 
ments. To simplify the analysis, we assume that the frac- 
tion of displaced Si atoms in the film is the same as that of 
displaced Co atoms. The dechanneling factor, yD(x), is 
obtained directly from the channeling spectra,12 
yD(x) go(x) -xv(x) 
1 -.Yv(x) . (1) 
where xo(xv> is the channeling yield of the damaged (vir- 
gin) sample normalized to the random yield. The defect 
concentration profile cD(x) can be extracted from the 
equation, I2 
y&> =P&> 4 [ 1 - P,(x) ldx). (2) 
&(x)is the dechanneling probability at a depth x,12 
I 
x 
&Ax> = ncq,q,(x’)dx’, (3) 
0 
where n is the atomic density of CoSi, and oD is the av- 
erage dechanneling cross section of Si and Co atoms. 
TRIM88 simulation shows that the damage is roughly a 
constant through the entire film. The channeling spectra of 
Fig. 1 suggest the same conclusion. We therefore assume 
that co is depth-independent in the film, and Eq. (3) be- 
comes 
&Lx> = (n~dckn(x). (4) 
We compute YD from the minimum channeling yield of the 
Co signal at the energy immediately beneath the surface 
peak ( - 1.65 MeV in Fig. 1). The corresponding depth is 
xz 10 nm. Substituting the appropriate numbers into Eq. 
(4)) and assuming oD < 10 - ‘*/cm’ (see Ref. 12), one ob- 
tains 
PD < 0.05cp 
PO is small compared to cg, and we therefore neglect the 
second term in Eq. (2) and have 
cD=:D (5) 
The defect concentration cD in the CoSi, films, extracted 
from the channeling data according to Rq. (5)) is plotted 
as a function of the implantation dose in Fig. 2 (0). cg is 
undetectable (< 1%) after the implantation to 
2X 10’4/cm2, and then increases monotonically with the 
dose. 
For comparison, we also computed by a TRIM88 
simulation” the concentration of Frenkel pairs directly 
produced by the implantation of 150-keV 28Si in an amor- 
phous matrix composed of a 50-nm-thick CoSi, on Si 
(dashed line in Fig. 1) . A displacement threshold energy 
of 15 eV and a binding energy of 1 eV were assumed. The 
measured damage is only a small fraction of that initially 
produced, meaning that the majority of the Frenkel pairs 
anneal out at room temperature during and after implan- 
tation. This observation leads us to attribute the high ra- 
diation resistance of CoSi, to its high defect recombination 
rate, probably resulting from the higher mobility of point 
defects in CoSi2 than in Si. 
Upon post-thermal annealing, the damage in the Si 
substrates and CoSi, films decreases gradually. The anneal- 
ing characteristics of the damaged Si substrate is similar to 
that of implanted bulk Si.12 Different damage regimes have 
different recovery stages. The higher the damage, the 
higher the annealing temperature becomes. At low damage 
levels (#<2x 10i4/cm2, regime I) the channeling yield de- 
creases as the annealing temperature rises. The dominant 
process is probably the recombination of point-like defects. 
At high damage levels near the amorphization threshold 
(c$ = 5X 10t4/cm2, regime II), the channeling spectrum 
does not change after 60-min isochronal annealing at 
250 “C. The channeling yield decreases after 400 “C! anneal- 
ing, and becomes the same as that of the as-grown sample 
after 600 “C! annealing. The channeling spectrum of the 
amorphized samples (4>1015/cm2, regime III) does not 
change after 400 “C annealing. In that case, appreciable 
solid phase epitaxial growth occurs after annealing at 
600 “C. However, the channeling yield is very high 
( -50%) and remains that high after 800 “C! annealing. A 
high density of extended defects (e.g., dislocation loops, 
microtwins) is likely present. 
Qualitatively, the annealing features of the CoSi2 films 
are simpler than those of the Si substrate, since the film is 
not amorphized after implantation to the highest dose of 
3 X 10i5/cm2 (see Fig. 1). The channeling yields of the 
implanted films decrease with increasing annealing temper- 
ature. The defect concentration in the film after annealing 
at various temperatures, extracted from the channeling 
yield according to Eq. (5), is shown in Fig. 2. The films 
implanted to a dose of <5x 1014/cm2 completely recover, 
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FIG. 2. Defect concentration in the CoSi, iilms extracted from the chan- 
neling yields of Fig. 1 vs the 28Si dose, for the as-implanted samples (O), 
and those annealed for 60 min at 400 “C (0 ), 600 ‘C(A), 800 “C 
(square). The Frenkel pair concentration as a function of the dose, pre- 
dicted from a TRIM88 simulation, is also shown (dashed line). 
while those implanted to doses > 1015/cm2 do not. We be- 
lieve that the nonzero defect concentration ( -lo%, Fig. 
2) after annealing is indicative of the presence of residual 
defects that are extended, rather than a measure of the 
concentration of point defects. These observations suggest 
that there exist two distinct damage structures in ion im- 
planted CoS&. The defects in the lightly damaged films 
($<5 X 10i4/cm2) are simple and anneal out completely 
upon thermal processing. The defects in the heavily dam- 
aged films ($2 1015/cm2) are complex and the recovery is 
incomplete. We note that the incomplete recovery of the 
film coincides with that of the Si substrate. 
B. X-ray double-crystal diffractometry 
A heterostructure differs from a bulk crystal in that 
there exists intrinsic strain in an as-grown heterostructure. 
Implantation produces defects, which induce additional 
strain in the heteroepitaxial film. We use x-ray double- 
crystal diffraction to monitor the strain change in the CoSi, 
film as a result of the implantation. Figure 3 shows a set of 
x-ray rocking curves diffracted from the ( 111) symmetri- 
cal plane of the CoSi,/Si( 111) samples implanted to a dose 
of (a) OX, (b) 0.5 X, (c) 1X, (d) 2X, (e) 5X10’4/cm2. 
Based on previous studies on implantation in 
Si( 100),i2 we expect that the damage in the Si substrate 
induces positive strain, and that an additional diffraction 
peak will appear on the low-angle side of the bulk Si peak 
at 19~ = 18” in.Fig. 3. Implantation to <2X 1014/cm2 pro- 
duces low damage (regime I) in the Si substrate, and in- 
duces a small perpendicular strain of <O. 1% there (see 
Kef. 12). The shift in the angular position for the ( 111) 
diffraction peak of the implanted layer is correspondingly 
small (~0.02”) and undetectable because it lies within the 
main peak (see Fig. 3). Implantation to >5X 10’4/cm2 
produces high damage (regime II) or a continuous amor- 
phous layer (regime III) l2 the corresponding diffraction 
Ae ( o ) 
FIG. 3. Rocking curves for Fe Ka, x-rays diffracted from symmetrical 
( 111) planes (a) of as-grown CoSi,/Si( 111) and of the samples im- 
planted to doses of (b) 0.5X, (c) IX, (d) 2X, (e) 5X10L4/cm2. The 
Bragg peak from the bulk Si substrate is at 6s = 18”.- 
peak then becomes weak and is buried in the background 
intensity (-0.003%, see Fig. 3). 
The peak intensity of x-rays diffracted from the CoSi, 
( 111) planes decreases with increasing dose (Fig. 3). After 
implantation to a dose of 2X 10’4/cm2, the intensity drops 
to -$ of that of the as-grown film, unlike the channeling 
yield which is the same as that of the as-grown sample 
(Figs. 1 and 2). This fact demonstrates that x-ray diffrac- 
tion is much more sensitive to low defect concentrations 
than channeling. The x-ray intensity from the CoSi, layer 
of the sample implanted to a dose of >10”/cm2 drops 
below the background ( -0.003%) and hence becomes un- 
measurable. The defect concentration extracted from the 
channeling yield of that same sample is only about 27%. A 
comparison of the channeling spectra (Fig. 1) and x-ray 
rocking curves (Fig. 3) of the implanted CoSi, films 
clearly illustrates that channeling is insensitive to low dam- 
age (c,< 1% ), while the x-ray diffraction from the highly 
damaged films (~~227%) becomes unmeasurable. These 
two techniques are therefore complementary and together 
provide a good picture of damage production by ion im- 
plantation in CoS&. 
In the following, we will analyze quantitatively the 
x-ray rocking curves diffracted from the lightly damaged 
CoSi, films (a<5 X 1014/cm2). The angular position of the 
(111) diffraction peak does not change with the dose, 
which means that the perpendicular star in cl in the films. 
is a constant, - - 1.76%, within the experimental sensi- 
tivity (-0.08%). In other words, the upper limit in the 
difference of the magnitude of the strain between the im- 
planted and as-grown films, 1 A& I, is -0.08%. The defect 
concentration cD in the corresponding films ranges from 
Q 1% to - 4% (0 in Fig. 2). These results imply that in 
the lightly damaged CoSi2 films, one has 
1 A& I<0.02cr,. (6) 
We were unable to measure the parallel strain in our CoSi, 
films because they are B type.i4 We know, however, that 
the interfacial misfit dislocations do not shear at room 
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temperature.” It is therefore reasonable to assume that the 
parallel strain of the film remains unchanged upon the 
implantation, i.e., AelI = 0. It then follows (see Ref. 12) 
that the lattice dilatation, ha/a, of the CoSi, induced by 
the defects is 
where a is the lattice constant of the as-grown CoSi2 film, 
and Y is Poisson’s ratio of CoSi, ( = f see Ref. 15). The 
coefficient relating / As/a 1 to cg for ion implanted CoSi2 is 
~0.01. This value is about two orders of magnitude smaller 
than that for vacancy-interstitial pairs in fee crystals 
( - 1),1417 but is about the same as that for ion implanted 
Si( -0.007, see Ref. 12). This fact suggests that the defects 
in lightly damaged CoSi2 films consist of defect clusters, 
not of single vacancies and interstitials. This result is con- 
sistent with our previous assertion that point defects in 
CoSi, are mobile at room temperature. 
The full width at half maximum of all diffraction peaks 
that are strong enough to be detected (films implanted to 
<5X 10’4/cmL) is an invariant (see Fig. 3)) independent of 
the damage induced by ion implantation. The peak broad- 
ening in the present case is due to the finite film thickness. 
This result implies that the x-ray diffraction from the 
lightly damaged film is highly coherent, and suggests that 
the damage in the implanted film consists mainly of ran- 
domly distributed defect clusters. The x-ray diffraction 
from a lightly damaged CoSi2 film can therefore be mod- 
eled by a static Debey-Waller factor, which does not 
change the peak width but only decreases the intensity.” 
The ratio of the peak intensity from the implanted film, I,, 
to that from the as-grown one, I, equals,18 
ID -=exp 
( 
167? 2 sin2eB 
Iv --“Dj12 t 3 1 
(8) 
where ug is the mean square root of the atomic displace- 
ment caused by the point-like defects in the implanted film. 
For Fe K=, x rays diffracted from CoSi ( 111) planes, Eq. 
(8) results in 
~D=O.085 
IV 
J- 
In - (nm). 
ID 
(9) 
The displacement ug in the lightly damaged CoSi, film, 
extracted from the measured intensities in Fig. 3 according 
to Eq. (9)) rapidly rises to -0.06 nm after implantation to 
5 x 10i3/cm2 and then increases linearly with dose (0 in 
Fig. 4). 
Upon 30-min isochronal annealing at 250, 400, 600, 
and 800 “C in high vacuum, both the angular position and 
the width of the x-ray diffraction peak from the lightly 
damaged Co& films (cD<4%) remain unchanged. This 
means that within the experimental sensitivity, the strain of 
the CoSi, films does not change, e’- - 1.76% at room 
temperature. The presence of a small defect concentration 
in the metastable CoSi, film (a 50-nm-thick CoSi2 nlm on 
Si( 111) at an equilibrium state has .&- - 1.23% at room 
temperature) during thermal annealing evidently does not 
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FIG. 4. Static atomic displacement induced by the defects in the lightly 
damaged Co?& films vs the 28Si dose, for the as-implanted samples (O), 
and for those annealed in vacuum for 60 min at 250 “C (V) and 
400 “C( 0). The shaded area represents the range of experimental uncer- 
tainty in estimating the displacement of a perfect CoS& film. 
enhance the strain relaxation. The x-ray peak intensity 
rises with increasing temperature. For the films implanted 
up to 2 X 10i4/cm2, the intensity after 250 “C! is the same as 
that of the as-grown film within the experimental uncer- 
tainty ( -20%). The uncertainty in the intensity measure- 
ments causes a corresponding uncertainty in the estimation 
of the atomic displacement extracted according to Eq. (9), 
0.5 
=ln(lV/lo) * (10) 
This relationship shows that ug of the film with an inten- 
sity close to that of IV has a large percentage error. For a 
relative error of the x-ray intensity of -20%, the error of 
ug is about 0.04 nm. Stated differently, a measured dis- 
placement of O-0.04 nm all corresponds to a perfect CoSi, 
film. The displacement extracted for the films implanted to 
<2x 10i4/cm2 after all annealings is 90.04 nm (Fig. 4). 
This suggests that these films recover completely after all 
annealings. The displacement of the film implanted to 
5 X 1014/cm” decreases with increasing annealing tempera- 
ture, and becomes indistinguishable from that of the as- 
grown film after 600 “C annealing (Fig. 4). 
The heavily damaged CoSi, films (42 1015/cm2) have 
very different annealing characteristics. Upon thermal an- 
nealing, the x-ray peak intensity rises out of the back- 
ground ( -0.003%) and becomes remeasurable. The peak 
position is about the same as that of the as-grown film, 
meaning that the strain of the heavily damaged films does 
not change after annealing. However, the peak is much 
broader and weaker than that of the as-grown film, even 
after 800 “C!. This result signifies that the strain in the an- 
nealed films is very inhomogeneous, and indicates the pres- 
ence of extended defects. These results correlate well with 
those obtained from channeling measurements. 
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FIG. 5. Room-temperature resistivity difference between the as-grown 
CoSi, Hm (- 16 pa cm) and the implanted ones vs the dose, for the 
as-implanted sample (O), and for those annealed in vacuum for 60 min at 
250°C (V), 400°C (0), 600°C (A), 800°C (square). 
F’IG. 6. Resistivity difference vs the static displacement for the lightly 
damaged CoSi, films (&5X 10’4/cm2). The approximately linear rela- 
tionship indicates a good correlation between the concentration of the 
carrier scatterers and the structural defects in such films. 
C. Electrical resistivity 
We also measured the resistivity in the implanted film 
with a four-point probe to monitor the evolution of defects. 
The sheet resistance of the selected samples was also mea- 
sured by the van der Pauw method, and agreed with that of 
the four-point probe measurements. Current-voltage mea- 
surements show that the vertical resistance across the sili- 
tide-silicon interface is always much greater than the sheet 
resistance tf the silicide film for all samples, meaning that 
the film i?practically insulated from the substrate. The 
resistivity was extracted from the sheet resistance with the 
film thickness of 50 nm obtained from backscattering mea- 
surements. The measured resistivity of the CoSi, films rises 
with the dose of ion implantation. This is similar to what is 
observed for other implanted metallic silicides,i9 but is op- 
posite to what is found for implanted semiconducting sili- 
tides ( ReSi, from Ref. 20, CrSi, from Ref. 2 1) . The resis- 
tivity of CoSi,? films increases from - 16 @ cm for the 
as-grown sample to - 300 ~$2 cm for the sample implanted 
to 5 X 10i4/cm2 and flattens off up to 3 X 1015/cm2 (Fig. 5). 
The resistivity, p, of metals can be decomposed into 
two terms according to Matthiessen’s rule, 
p(n=pL(n +pD, 
where pL is the lattice (Bloch-Gruneisen) contribution, 
and pD results from carrier scattering by defects at 0 K. 
Hensel et aL9 measured the resistivity of CoSi, films bom- 
barded with 2-MeV “He at 4-300 K and found good agree- 
ment with Eq. ( 11). These authors also established that 
the resistivity of samples implanted to different doses has a 
similar temperature dependence, meaning that the lattice 
contribution pL( T) is the same regardless of the damage 
(so long as the film is not amorphized to cause localization 
of carriers). The difference of p between the bombarded 
and the as-grown films, hp, hence equals hpD, the resistiv- 
ity contribution from radiation-induced defects. In an as- 
grown CoSi, film, pD is -2 yfi cm.9 Hensel et al9 discov- 
ered that ApD rises approximately linearly with dose till 
- 100 ,uln cm and then flattens off with further dose in- 
crease. The resistivity jumps abruptly to - 1000 ,& cm 
once the CoSi2 is amorphized, and remains constant there- 
after. This is also the resistivity of amorphized ReSi, films 
( - 1200 pa cm) .20 The common value of the resistivity of 
amorphized metallic and semiconducting silicides suggests 
that the conduction in such an amorphous state is domi- 
nated by hopping of localized charge carriers. 
We used the van der Pauw method to measure the 
resistivity of the CoSi, film for selected samples at 130-300 
K. The temperature dependence of the resistivity agrees 
with the prediction of Eq. (ll), and that reported by 
Hensel.’ We assume in the following that the resistivity 
difference Ap between the implanted and the as-grown 
CoSi2 films equals that induced by the implantation ApD 
for all our samples (CoSi2 is not amorphized). Apo in- 
creases with dose to -280 yfl cm at 5 X 10i4/cm2 and 
flattens off up to 3x 10”/cm7- (0 in Fig. 5). The different 
resistivity at plateau between our result and that of Hensel 
et aL9 (280 vs 100 ,us1 cm) is probably due to the different 
implantation conditions (230-keV 28Si vs 2-MeV 4He) that 
produce different microstructures of defects in the im- 
planted CoSi, film. 
The resistivity from carrier scattering by point-like de- 
fects is proportional to the density of scatterers. The initial 
rise of ApD in lightly damaged films (4~5 X 1014) suggests 
that the implantation produces point-like defects which 
build up with increasing dose.’ This conclusion is very 
similar to that drawn from x-ray diffraction results (see 
previous discussion). Figure 6 plots the resistivity caused 
by defects scattering as a function of the atomic displace- 
ment induced by defects in lightly damaged CoSi, film 
($<S X 1014/cm2, see Figs. 2, 4, and 5). The plot shows a 
good correlation between these two indicators of the defect 
concentration in the CoSi, films. In heavily damaged CoSi, 
films, with dose from l$/cm’ to 3~ 10i5/cm2, ApD is 
roughly a constant ( - 280 pfI cm, Fig. 5 ), while the defect 
concentration CD extracted from the channeling yields 
increases from -27% to -54% (0 in Fig. 2). This sug- 
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gests that the flat ApD is probably indicative of some ag- 
glomeration of defects in heavily damaged films,’ in agree- 
ment with the results from annealing studies by channeling 
and x-ray diffraction. 
The resistivity of the CoSi, films of all samples de- 
creases drastically after 250 “C (V in Fig. 5)) and becomes 
about the same as that of the as-grown sample after 600 “C 
(A in Fig. 5). The decrease of the resistivity of lightly 
damaged films (&5 X 10i4/cm’) after annealing corre- 
lates well with the recovery of structural defects probed by 
channeling and x-ray diffraction measurements. For highly 
damaged films (4> 10’5/cm2), the structural recovery after 
annealing is incomplete, with a channeling yield of - 10% 
(greater than that of the as-implanted films to a dose 
<5x 10’4/cm”), and with a broad x-ray diffraction peak 
that suggests the existence of extended defects in these 
annealed films. Yet the resistivity of such tilms is about the 
same as those of the structurally perfect ones, much less 
than that of the as-implanted films of any dose. Apparently 
the residual extended defects that still exist in the highly 
damaged films after annealing are ineffective scattering 
centers for the carrier transport. 
IV. CONCLUSlON 
In summary, we demonstrate that MeV ion channeling 
is well suited to characterize heavily damaged CoSi, films 
(cg> 1% ) while x-ray diffraction does best for lightly 
damaged ones. Resistivity is a relevant indicator of the 
damage over the entire range. A linear relationship exists 
between the structural and the electrically active defects in 
lightly damaged films. Such a relationship is absent in 
heavily damaged CoSi,, where the resistivity flattens but 
the defect concentration increases further with dose. 
Lightly damaged films recover completely upon thermal 
annealing. Heavily damaged films also recover their origi- 
nal resistivity after annealing, but extended defects (e.g., 
dislocation loops and microtwins) that are ineffective for 
carrier scattering subsist. 
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